Strains of a new species of rapidly growing, nonphotochromogenic mycobacteria, Mycobacterium brumae, have been isolated from water, soil, and human sputum samples in Barcelona, Spain. The inclusion of this organism in the genus Mycobacterium is based on its acid-alcohol fastness, its DNA G+C content, its mycolate pattern, and its mycolate pyrolysis esters. A study of 11 strains showed that they form a homogeneous group with an internal phenotypic similarity value of 94.9 +, 3.7%. The results of a comparison with 39 other mycobacterial species and subspecies are also presented. DNA relatedness studies showed that the M. brumae strains studied form a single DNA hybridization group which is less than 30% related to 15 other species of the genus Mycobacterium. Thin-layer chromatographic analysis showed that only a-mycolates are present. Unlike Mycobacterium fallux and Mycobacterium triviale a-mycolates, M. brumae a-mycolates release only 22-carbon atom esters after pyrolysis. Strain CR-270 is the type strain; a culture of this strain has been deposited in the Collection Nationale
From 1983 to 1987, in the course of a search for mycobacteria in environmental samples, we isolated 10 strains with homogeneous properties belonging to the genus Mycobacterium. Later, in 1991, a similar strain was isolated from a human sputum sample. These organisms were rapidly growing, nonphotochromogenic mycobacteria that differed from all known species and are considered members of a new species. These strains had a colonial morphology similar to that of Mycobacterium falZax and the same pattern of mycolates (only a-mycolates) as determined by thin-layer chromatography (TLC) (16) . Mycobacterium triviale is the only slowly growing Mycobacterium species with this pattern of mycolates (4, 16) . Mycolic acids are useful taxonomic markers for the differentiation of mycobacteria at both the genus level and the species level. Mycobacterial mycolic acids are characteristically 2-branched7 3-hydroxy fatty acids with very long chains (up to 90 carbon atoms long) which are major lipid constituents in the cell wall (4, 7). By TLC they may be separated into seven types according to the content and position of different functional groups in their carbon chains (18, 19) . Mycolic acid methyl esters release by pyrolysis straight esters with carbon chain lengths ranging from C,, to C,, (4,12,17) . Within the genus Mycobacterium, variation in the pyrolysis ester chain lengths is an additional differential characteristic that is especially useful for subdividing groups of species that produce the same TLC pattern. The strains of the new species could be clearly distinguished from M. fallax and M triviale by the chain lengths of their pyrolysis esters. Esters containing 22 and 24 carbon atoms were released by a-mycolates of M. fallax, and tetracosanoate was the only ester liberated by M. triviale a-mycolates (14, 16, 17, 22) . In contrast, the a-mycolates of the * Corresponding author. new strains give only docosanoate when they are subjected to pyrolytical cleavage. A subsequent structural analysis showed that there are great differences in the compositions of the a-mycolates of these strains and the a-mycolates of M. fallax and M. triviale. Genotypically, there was clear evidence for differentiation of these organisms, since the levels of DNA-DNA hybridization between the strains of the new taxon and other related species were less than 30%. In this paper, we describe the characteristics of these strains and designate a new species, Mycobacterium brumae.
MATERIALS AND METHODS
Bacterial strains. A total of 11 strains were studied. Eight of these (strains CR-103, CR-104, CR-142, CR-210, CR-267, CR-268, CR-270T [T = type strain], and CR-271) were isolated from water samples taken from the Llobregat River in Barcelona, Spain; two strains (strains CR-130 and CR-269) were isolated from soil; and one strain (strain CR-148) was isolated from a human sputum sample. In addition to these 11 isolates, we studied the following strains of species which are on the Approved Lists of Bacterial Names (24) (25, 30, 37, 45 , and 52"C), pigment production, and photoreactivity were determined as previously described (9, 10, (28) (29) (30) . The niacin test was performed with test strips (Difco Laboratories, Detroit, Mich.). Strains were tested for iron uptake by using a modification of the procedure of Szabo and Vandra (26), as described by Silcox et al. (23) . The catalase test was performed by the method of Kubica and Pool (11) . The nitrate reductase and arylsulfatase tests were performed as described by Vestal (28) . The p-glucosidase, urease, penicillinase, and trehalase tests were performed as recommended by David and Jahan (5) and David et al. (6) . Tests for resistance to hydroxylamine and sodium chloride, hydrolysis of Tween 80, and P-galactosidase were performed as described by Wayne et al. (29, 30) . Tests to determine the use of glucose, inositol, mannitol, and sodium citrate as sole carbon sources in the presence of ammoniacal nitrogen were performed by using the procedure of Silcox et al. (23) . Tests to determine degradation of salicylate, tolerance to picric acid, and acid formation from carbon sources were performed as described by Tsukamura (27) . Growth in the presence of different antibiotics was determined by using the method of Canetti et al. (2) .
Lipid analysis. To isolate lipid components, all of the strains were cultivated on plates containing Middlebrook 7H10 agar and incubated at 30 or 37°C in the presence of 5% CO,. Fatty acid esters were prepared as previously described (4). Mycolates were obtained by precipitating them twice with methanol from the methyl ester mixture. We then checked by TLC that the pellet contained only mycolates. The mycolates were fractionated by argentation chromatography by using increasing proportions of diethyl ether in petroleum ether (22). This separation was followed by TLC on silver nitrate-impregnated commercial plates developed with petroleum ether-diethyl ether (6:4, vol/vol). The spots were visualized by charring after the plates were sprayed with a 10% solution of molybdophosphoric acid in ethanol. Oxidative cleavage, isolation of oxidation products, and structural analysis were performed as previously described (13). The patterns of nonhydroxylated fatty acids were determined by capillary gas chromatography as previously described (17).
Instrumentation. Gas chromatography was conducted with a Hewlett-Packard model 5890A apparatus equipped with a fused silica capillary column with SPBl as the stationary phase. The temperature of the injector was raised from 260 to 350°C for pyrolytical conditions. Infrared spectra were recorded with a Perkin-Elmer model FTIR 1600 apparatus. 'H nuclear magnetic resonance spectra were obtained with a 200-MHz Brucker instrument by using CDC1, as the solvent. Polarimetry was conducted with a Perkin-Elmer model 141 polarimeter. Mass spectra were determined by using an electron impact ion source and a Varian model 311A spectrometer .
DNA-DNA hybridization. For DNA extraction and subsequent DNA-DNA hybridization, selected strains (see Table  4 ) were cultivated in 1 to 3 liters of nutrient broth (Difco) supplemented with a powder base containing 7H9 Middlebrook broth medium (Difco), 1% glycerol, and 0.05% Tween 80. Flasks were incubated at 30 or 37°C with gentle agitation for 10 to 21 days. DNA was extracted as previously described (14, 15) . Briefly, the bacteria were converted to wall-deficient forms and then lysed by adding sodium dodecyl sulfate, as previously described, and proteinase K (Boehringer, Mannheim, Germany) instead of pronase. The DNA was then purified by using the usual methods. DNA from the type strain of the proposed new mycobacterial taxon, strain CIP 103465, was labeled in vitro by nick translation (nucleotides were obtained from the Radiochemical Centre, Amersham, England) as previously described (8), except that we modified the concentrations of some of the reagents, as follows: 3 pl of DNA (800 pg/ml), 40 pl of S1 nuclease (1 U/ml; Sigma Chemical Co., St. Louis, Mo), and 15 pl of DNase I (lop8 g/ml). Unlabeled DNAs were sheared by sonication in order to get DNA fragments that were 500 to 800 bp long. The molecular weight of the sonicated DNA was checked by gel electrophoresis by using phage lambda hydrolyzed by restriction enzyme HindIII. The S1 nuclease method (3) in which the S1 nuclease-trichloroacetic acid procedure (8) was used was modified as previously described (14). The temperature (T,) at which 50% of the DNA became hydrolyzable by S1 nuclease was determined by using the procedure developed by Crosa et al. in 1973 (3) and modified as described previously (14, 15) .
Numerical taxonomy analysis. The data obtained from our study of 59 taxonomic properties were recorded as positive or negative, and the matching coefficient (M value) was calculated by using the following equation: M value = (ns x 100)/(ns + nd), where ns is the number of characters for which two strains gave the same results (both positive or both negative) and nd is the number of characters for which the strains gave different results (one positive and one negative) (25). The computer which we used was an IBM model 3083/XE/VM/SP-HPC computer. The program which we used is included in the Clustan 2 packet of programs (Computing Laboratory, University of St. Andrews, St. Andrews, Scotland). 
RESULTS AND DISCUSSION
Cells of the 11 new strains grown on Lijwenstein-Jensen agar and on Middlebrook 7H10 agar were rod shaped, gram positive, and acid-alcohol fast and were able to form clumps and cords. Spores, capsules, and true branching were not observed. At 25, 30, and 37"C, growth occurred within 4 to 5 days on Lijwenstein-Jensen and Middlebrook 7H10 media and on nutrient agar. Dilute inocula on Middlebrook agar yielded large, eugonic, buff-colored, rough colonies (Fig. 1) . The phenotypic properties of the 11 M. brumae strains are shown in Table 1 . These strains constituted a homogeneous group with a level of internal similarity of 94.9 2 3.79%. Comparisons of M. brumae CIP 103465T with the type strains of 39 other mycobacterial species revealed degrees of similarity of 80% with M. alvei, 75.8% with M. fallax, and 75% with M. moriokaense ( Table 2) . Characteristics which differentiate M. brumae from phenotypically related Mycobacterium species are shown in Table 3 .
Lipid analysis. Gas chromatographic analysis revealed the presence of hexadecanoate, octadecenoate, and tuberculostearate (10-methyloctadecanoate) as the major fatty acid methyl esters in lipid extracts of the 11 M. brumae strains (Fig. 2) . All M. brumae strains exhibited a TLC pattern consisting of only one spot corresponding to a-mycolate ( Fig. 3) . When pyrolytical conditions were used, the gas chromatographic profile showed an increase of methyl docosanoate (C22), whereas M. fallax mycolates liberated by pyrolysis do-and tetracosanoate (C22 and CZ4) and M. triviale liberated only tetracosanoate (4, 16, 17, 22) (Fig. 2) . The infrared spectrum of the purified mycolates from M. 408 LUQUIN ET AL. INT. J. SYST. BACTERIOL. brumae revealed an absorption band at 965 cm-' characteristic of trans double bonds, while absorption due to cyclopropane rings was not observed. The 'H nuclear magnetic resonance spectrum confirmed this hypothesis by the presence of signals assignable to the resonance of olefinic protons at 6 = 5.35 ppm and the absence of signals between 6 = 0 and 6 = 0.7 ppm, corresponding to cyclopropane ring protons resonances. Argentation chromatography fractionated this mycolate spot into three main compounds; each class was subjected to oxidative cleavage, and the oxidation products were analyzed by gas chromatography. These analyses gave the composition shown in Fig. 4 . The I, a-mycolates were defined as diunsaturated esters with two trans double bonds, as suggested by infrared and 'H nuclear magnetic resonance spectroscopy (multiplet of the double bond at 6 = 5.35 ppm and additional methyl groups near the a -, negative reaction; +, positive reaction; +w, weak reaction.
' The values are the percentages of strains that are positive.
Weak reactions. double bond at 6 = 0.94 ppm) (13) and by the negative value of the molecular rotation of the intact mycolate (13). The main mycolic acid of this series contained 76 carbon atoms. The I, a-mycolates consisted of a mixture of compounds, each bearing one cis double bond and one trans double bond. The major mycolic acid of this series contained 75 carbon atoms. The I, a-mycolates contained only cis diunsaturated esters. 'H nuclear magnetic resonance of this fraction showed a well-defined triplet at 6 = 5.35 ppm (instead of a multiplet) assignable to the resonance of olefinic protons. These a-mycolates consisted of mycolic acid homologs containing 68 to 76 carbon atoms (the main component was an acid with 70 carbon atoms). The chain length and the existence of double bonds in these mycolates indicate that they are related to M. fallax mycolates (22) . However, the differences in the number of double bonds (tetraunsaturated a-mycolates have been described in M. fallax) and in the chain length of the pyrolysis esters (16, 22) suggest that the new strains belong to a species different from M. fallax. D N A relatedness. The ratios of absorbance for DNA solutions ranged from 1. 9 to 2.1 and from 1.7 to 1.8 for the  A2,&4,,, and A26,J!230 ratios, respectively. The results of DNA-DNA hybridization experiments are shown in Table 4 .
We selected the type strains of species which produced the same mycolate pattern (only a-mycolates) as M. brumae (M. fallax and M. triviaZe) for DNA-DNA hybridization experi-VOL. 43, 1993 MYCOBACTERIUM BRUMAE SP. NOV. ranging from 7.6 to 9.4%. Four strains of M. brumae were 95 to 100% related to strain CIP 103465T, with ATm values less than 2.5"C (ATm is the difference between the Tm of the homologous reaction and the T,,, of the heterologous reaction). The percentages of relative binding of strain CIP 103465T with all other strains were less than 30%. The AT,,, values determined for the higher levels of DNA complementarity were all more than 12.1"C. The guanine-plus-cytosine (G+C) contents of DNAs were calculated from the melting temperatures by using the equation of Owen and Pitcher (21) . The G + C content of strain CIP 103465= was 70 mol%. This value was an underestimation of the actual G+C content as sonicated DNAs were used to determine the melting temperatures.
Description of type strain CR-270 (= CIP 103465) of Mycobacterium brumue sp. nov. Mycobacterium brumae (bru' mae. L. gen. n. brumae, of winter, referring to the time of year at which the first strains were isolated). The cells of M. brumae are gram-positive rods, 2.0 to 2.5 pm long and 0.3 to 0.5 pm wide; they are mostly strongly acid fast, except for a small number (less than 10%) of cyanophil forms. Smears prepared from Youmans medium (without Tween 80) and Middlebrook 7H12 medium contain clumps or cords. Colonies on Lijwenstein-Jensen medium and on Middlebrook 7H10 agar are eugonic, rough, and nonpigmented in the dark or after exposure to light. Growth occurs within 5 days at 30 and 37°C but not at 45°C. The type strain produces thermostable catalase and is positive for P-glucosidase, nitrate reductase, penicillinase, trehalase, urease, and iron uptake. Tween 80 is hydrolyzed after 10 days; niacin is not produced, and salicylate is not degraded to catechol. No growth occurs on MacConkey agar without crystal violet. Glucose, meso-inositol, fructose, and sodium citrate are utilized as sole carbon sources in the presence of ammoniacal nitrogen. Acid is produced from glucose, fructose, meso-inositol, and trehalose but not from L-arabinose, dulcitol, mannitol, Lrhamnose, and D-xylose. Growth is inhibited by sodium chloride (5%), hydroxylamine (500 mdliter), D-cycloserine (30 mg/liter), ethambutol (2 mdliter), kanamycin (20 mg/ liter), capreomycin (40 mg/liter), and isoniazid (10 mdliter). Tuberculostearate is detected by gas chromatography; docosanoate is a mycolic acid cleavage product. Secondary alcohols are not detected. M. brumae contains only a-mycolates (68 to 76 carbon atoms long), which release only docosanoate after pyrolysis.
